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Abstract 
 
Overhead transmission lines are the most economical and commonly used carriers of 
electricity. Aluminium Conductor Steel Reinforced (ACSR) cables, as part of 
transmission lines, are used in severe environments in coastal areas and industrial 
zones for many years. These cables are affected by galvanic corrosion in the 
interface between the aluminium and steel strands. On the other hand, it is 
important for power companies to use efficient technology to locate and repair any 
significant faults on transmission lines at the earliest possible stage that could help 
them reduce maintenance costs and increase the quality of the power supply. This 
report investigates the existing methods of corrosion detection used in ACSR cables 
of overhead transmission lines, and estimates the location of corrosion through 
simulation in a computer program. In particular, the report analyses two promising 
methods of corrosion detection, namely “electromagnetic induction” and “time 
domain reflectometry”, and explains in detail their principle of operation and 
efficiency. In addition, the report also mentions some of the corrosion detectors 
available on the market and discusses their characteristics. In the latter part of the 
report, one of the existing techniques is thoroughly investigated by implementing in 
a computer program, and the simulation results are discussed. It also describes a 
few obstacles that might be faced if the technology is applied practically, and offers 
suggestions for a better approach to the problem.  
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 Objective of the Project  
 Scope of the Work 
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Chapter 1: Introduction 
1.1 Introduction                                                                                                                              
Overhead power transmission lines usually run in severe environments for many 
years and therefore, the cables are exposed to harsh climatic variations such as 
wind, rain, pollution, etc. This leads to gradual degradation of the conductor and 
consequently to unexpected costly problems and poor power supply quality, if not 
dealt with in a timely fashion [46]. Aluminium conductor steel reinforced (ACSR) 
cables are the most commonly used conductors in overhead transmission lines. They 
are usually affected by galvanic corrosion, which is a key factor causing failure of the 
cable, and hence, refurbishment of the transmission line. A critical phase in this 
process is the loss of zinc from the galvanized steel strands because, once the 
galvanizing is lost, the aluminium strands get exposed to rapid galvanic corrosion. 
On the other hand, consistency and reliability of electrical energy has become more 
important recently due to greater competition and restricted resources [40], and 
therefore, the       need for sufficient technology for timely fault detection on 
transmission lines has significantly increased.  
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1.2 Aluminium Conductor Steel Reinforced (ACSR) Cables 
Aluminium has substituted copper as the most frequently used conductor metal in 
overhead transmission lines due to its lower cost and lighter weight. Among different 
aluminium conductor types, Aluminium conductor steel reinforced (ACSR) cables, as 
shown in figure 1, are widely used in power delivery systems around the globe.  
 
Figure 1: ACSR cable [56] 
These cables comprise a solid or stranded steel core surrounded by one or more 
layers of aluminium wires. So far, the majority of these conductors have lasted 25-
40 years and in some cases up to 50 years [32]. Therefore, long term exposure to 
severe environments means they require maintenance or refurbishment.  
 
1.3 Failure Mechanism in ACSR Cables 
In power transmission system the common failure mechanism limiting the life of 
ACSR cable is internal corrosion [51]. In ACSR cables the chance of galvanic 
corrosion between the steel core and the aluminium strands has been, since the 
beginning, understood and preventive methods such as coating of steel strands 
applied. Nevertheless, certain atmospheric factors such as industrial pollution or 
marine salts in the air may still cause serious corrosion [18]. 
One of the most deteriorating problems, besides mechanical fatigue, found on ACSR 
conductors is chemical corrosion. Unpleasant environments like industrial pollution or 
atmospheric marine salts can corrode the conductor externally, but this may not be 
as severe as internal corrosion, due to the fact that the cross-sectional loss of the 
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conductor is not usually ample in this case. On the other hand, the internal corrosion 
is a more serious problem, wherein the pollution and water vapour enter the edge 
between the steel and aluminium wires inside the cable [6].The corrosion of the 
steel strands in ACSR cables comes into effect as soon as the coated zinc disappears 
from the steel core wires, making the inner aluminium act anodic and hence prone 
to galvanic corrosion, leading to strand rupture [19]. When the cross-sectional area 
of the conductor shrinks due to such a rupture, initially, there is an increase in 
power flow in other aluminium strands, but then the flow enters the steel strands, 
which fast-tracks the occurrence of corrosion and significantly reduces the life of the 
cable [9].  
 
 
1.4 Objective of the Project  
The main purpose of this project is to evaluate the existing methods of corrosion 
detection used in ACSR cables, and to estimate the location of corrosion through 
simulation of a corroded cable in a computer program such as MATLAB.  This needs 
to be done through overwhelming research on the topic that would lead to 
identification of the most appropriate method(s) to address the problem, and then 
implementing one of the techniques in a computer program to assess its feasibility 
and practicality.  
 
 
1.5 Scope of the Work 
The work undertaken throughout this project involves the following tasks: 
 Detailed research on prevailing methods of corrosion detection; 
 Description of the two most promising methods; 
 Calculation of transmission line parameters; 
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 Selection of a random ACSR conductor for the purpose of investigation;  
 Modelling transmission line, and hence modelling the chosen ACSR conductor; 
  Modelling corrosion within the cable; 
 Implementation and simulation in a computer program; 
 Discussion of simulation results; 
 Investigation of the outcome of the project; 
 Suggestion for future work. 
 
 
1.6 Literature Review 
In 1991 Havard et al. [27] investigated Ontario Hydro’s transmission lines and 
introduced a useful method for prediction of corrosion and failure assessment of 
transmission line conductors.  Their extensive assessment proved that the loss of 
zinc from the galvanized steel core can be spotted by an overhead line corrosion 
detector, while an infrared camera might be able to detect any ruptured or corroded 
aluminium strands. The most important outcome was the modification of the 
corrosion detector for live line measurement of galvanized loss from the steel cores 
of the ACSR cable [27]. This inventive work is now broadly followed to estimate the 
residual life of the well-used conductors.  
According to a research by Fisher et al. [13] in 1989, helicopter carried infrared 
sensors can be used to investigate aluminium corrosion in transmission lines with 
severe deterioration and extremely corroded strands, but this method is not suitable 
for early damage detection. 
The literature by Sutton et al. [51] in 1986 mentions that an electromagnetic 
method was developed at Central Electricity Research Laboratories (CERL), in 
Leatherhead, (UK) that could detect galvanizing loss in ACSR cables. In this method, 
eddy currents are induced around the strands of the conductor as soon as high 
frequency currents are excited through a winding in the sensor head. These eddy 
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currents produce magnetic flux which is sensitive to strand corrosion and can be 
detected on a portable unit.  
In their work, Baltazar et al. [3] in 2010, studied the propagation of guided waves in 
ACSR cable for structural damage detection using time–frequency analysis based on 
short time Fourier transform. The outcome indicated that mechanical contact among 
the wires produces mode conversion of longitudinal to flexural modes. The 
monitoring of these flexural modes proved to be useful in detection of corrosion in 
conductors. 
A non-destructive testing method has been designed in the literature [37] which is 
able to detect the location and severity of corrosion of steel rebar and strands. This 
method utilizes time domain reflectometry. By using a sensor wire beside steel 
reinforcement, a transmission line is formed. If there exists any flaw in the steel 
reinforcement, it will alter the electromagnetic properties of the transmission line. 
The results of both analytical model and laboratory assessment have proved that 
TDR can be successfully operated to detect, localize and classify the extent of 
damage in steel reinforcement by this method.  
The literature by Wang et al. [54] investigates the theory of time domain 
reflectometry TDR and frequency domain reflectometry, and then introduces joint 
time-frequency domain reflectometry for diagnosis of power cables.  
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Chapter 2  
 Existing Methods of Corrosion Detection 
 Non-Destructive Testing (NDT) 
 Magnetic method 
 
Chapter 2: Inspection Techniques 
2.1 Existing Methods of Corrosion Detection 
The corrosion of aluminium and steel strands in ACSR cables is one of the primary 
causes of stability problems that affect ageing transmission lines. A reliable and cost-
effective technique for detection, localization, and measuring the degree of loss can 
lead to improved levels of power supply quality, and may benefit the power 
companies by decreasing maintenance costs through early detection. In order to do 
so, the testing methods should permit inspection of material without damaging its 
prospect usefulness [40]. Non-destructive testing (NDT) is a suitable approach to 
fulfil this condition.  
2.1.1 Non-Destructive Testing (NDT) 
NDT is a technique in material science that conducts testing and scrutinizing objects 
without causing any destruction to them [40]. In electrical engineering, NDT has 
been used for detection, characterization, localization and sizing of discontinuities 
[40]. A number of NDT techniques have been introduced to detect and locate flaws 
in power transmission lines using various methods such as: 
 Visual inspection; 
 Infrared camera inspection;   
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 Ultrasonic inspection;  
 Neutron Radiography; 
 Magnetic method;  
 Electromagnetic induction (eddy current);  
 Time Domain Reflectometry. 
It is worth mentioning that the majority of these methods need mobilisation by foot, 
ground vehicle, or air vehicle, and require labour presence in the locality of the line.  
Traditionally, the most commonly used technique of fault detection has been the 
visual inspection method [37]. However, it cannot be used to detect internal 
corrosion in conductors.  
Helicopter carried infrared sensors can be used to investigate aluminium corrosion in 
transmission lines with severe deterioration and extremely corroded strands but is 
not suitable for early damage detection [13]. 
The principles of operation of some of the above listed techniques are explained 
below.  
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2.1.2 Magnetic Method 
In ACSR, the steel strands play a supportive role for aluminium, and hence detection 
of any corroded strand of steel core is an important practice to assure safety and 
quality in power supply process [30]. The Magnetic method of corrosion detection 
requires the test object to be a ferromagnetic material [33] like steel that can be 
magnetized. Detection sensors based on this theory for corroded steel strands in 
ACSR have been developed which are carried by inspection robots to inspect 
conductors along transmission lines [30, 7]. 
Principle of Operation: 
As shown in figure 2, the steel strands in ACSR are magnetized by a permanent 
magnet and sensor coils that give a voltage proportional to the induced magnetic 
flux. The permanent magnet saturates longitudinally a segment “l” of the conductor.  
 
Figure 2: Magnetic flux induced in a cable by permanent magnet [7] 
From Faraday’s law of induction, the change in the magnetic field around the coil 
induces a voltage, V, given by: 
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Where N is the number of turns of coil; 
  is the magnetic flux; 
The induced magnetic flux is then given by: 
                                             
Where,  
B is magnetic flux density; 
   is the area element vector; 
The longitudinal flux is proportional to the area of cross-section of the conductor 
when it gets magnetically saturated [7]. 
That is: 
                                                 
Where, A is the area covered by B. 
Substituting equation (3) in equation (1) 
       
   
  
                                    
Here, N and B are constants; hence, this equation shows that any change in the 
voltage of the coil measures the change of area A.  In other words, a spotted 
change in   corresponds to change in A, which can be used to discover any flaws in 
the conductor.  
In following chapters, the two important detection techniques are discussed in 
detail. 
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Chapter 3 
 Electromagnetic Induction (Eddy Current Testing) 
 Detectors based on eddy current technology available in market  
 
Chapter 3: Electromagnetic Induction Method 
3.1 Electromagnetic Induction (Eddy Current Testing) 
In 1831 Faraday and Henry found that a moving magnetic field induces a voltage in 
a conductor. Such a method of producing current in a conductor by putting it in a 
varying magnetic field is termed as electromagnetic induction. In this process the 
current is induced in the conductor by the magnetic field [22].  
Electromagnetic induction is the physical basis for all eddy current NDT techniques.  
The eddy current technique can be used for detection of zinc loss from the steel 
strands inside ACSR [51]. Detectors based on this principle can identify any flaws in 
a conductor well before other non-destructive tests can do. The feasibility studies on 
various detection methods by Komoda et al. [33] also prove that electromagnetic 
induction method is highly sensitive with excellent practicality.      
3.1.1 Principle of Operation: 
As soon as an alternating current flows in a coil near a conductor, the magnetic field 
of the coil induces eddy currents in the conductor. These eddy currents control the 
loading on the coil and consequently the impedance on it. If there is a flaw on the 
conductor’s surface beneath the coil, it will decrease the flow of eddy currents, 
which reduces the loading on the coil and increases the impedance on it. This is the 
basic concept for eddy current inspection [22]. 
Corrosion Detection in ACSR Cables Page 11 
 
Consider a pair of probe coils forming the sensing head as shown in figure 3, with 
one of the coils acting as field winding while the other as pick-up coil. The sensing 
head is designed to traverse along the wire. 
 
Figure 3: Principle of operation of eddy current testing method [33] 
High frequency currents are passed through field windings and generate a magnetic 
field H that enter the conductor and induce eddy currents around each of the 
strands in the wire. These eddy currents produce alternating flux whose magnitude 
and phase are sensitive to any corrosion of the strands in the wire [51]. 
When the coils are traversed along a normal segment of the wire, the eddy currents 
in the wire induce some electromotive force in the coils with some particular 
impedance. On the contrary, when the coils are traversed over a corroded segment, 
the conductor induces a changed electromotive force on the coils, and the coils 
exhibit a change in the impedance. Thus, an uneven voltage is spotted on the pick-
up coil. The detected voltage then undergoes numerous signal processing phases 
like amplification and phase detection to be further evaluated [33, 51]. This is the 
basic principle of eddy current testing. 
There are a number of factors that can affect the response of eddy currents; these 
include the excitation frequency, material conductivity, permeability, geometry, 
flaws, and the position between the flaw and the coils [33]. Among these factors, 
the frequency and the geometry of the coil are important to effectively distinguish 
between corroded and normal conductors [33]. 
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Sutton et al. [51] take this concept to further investigation and identify two 
component voltages namely “in-phase” and “quadrature” gained as output in this 
process. The in-phase voltage is only associated with aluminium strands while the 
steel strands are responsible for both in-phase and quadrature voltages. 
The eddy currents induced around the strand constrain the flow of magnetic flux into 
the centre of the strand, and particularly at high frequencies this flux would be 
totally excluded from the whole strand cross-section [51].  
The magnetic flux density is given by: 
B = µ0 H = µ0 H0 sin (ωt) 
Let R be the radius of both field winding and the pick-up coil, and r be the radius of 
the strand.  
The voltage induced in the coil is given by [51]: 
    
  
  
 
Or 
    
  
  
    µ0 H0            
 
  
         
   µ0 H0                                                       
In equation (5), part of the induced voltage,  µ0 H0             , is not what we 
are looking for because it is associated with R, radius of the coils, and can be 
removed by introducing an identical “compensation” voltage,  C, in the opposite 
direction [51]. 
Hence, the resultant voltage is: 
  m       C     
  m   µ0 H0                                               
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This voltage is proportional to the area of the strand, i.e.  m ∝     
Equation (6) is applicable at very high frequencies only. If a detector is designed to 
operate at lower or intermediate frequencies then the penetration of flux into the 
strands needs to be considered. The penetration distance (skin depth) is given 
by     : 
  √
 
   
  = √
  
     
                                    
Where, ρ is the electrical resistivity and    is the relative magnetic permeability of 
the strand.    
It can also be shown that for   << r, the flux penetrating into the strand is given by 
      µ0 µr   H0                 
This flux possesses two equal components, one in phase with the applied field, 
        , the other in phase quadrature. This flux induces a voltage, 
   
  
, in the pick-
up coil besides that due to flux exclusion, given in equation (6). The total voltage is 
[51]: 
   
  
                                 
                                   
              
     
   
 
         
   
 
        ] 
Which reduces to equation (6) at high frequency as     . 
The feasibility study on different detection methods by Komoda et al. [33] suggests 
that the eddy current induction method is highly feasible for flaw detection, and 
finds that the method offers high sensitivity with outstanding practicality. Their 
findings are summarized in table 1 below. 
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Table 1: Comparison of various types of NDT techniques [33] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Technique Sensitivity Ease of use Applicability Feasibility 
Electromagnetic Induction o o o o 
Magnetic Flaw detection o × × × 
Ultrasonic Method ^ × × × 
Longitudinal Vibration × ^ ^ × 
Bending Stiffness × o ^ × 
Shooting Camera (visual) ^ ^ ^ ^ 
Legend         Excellent: o         Fair: ^          Poor: × 
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3.2 Detectors Based on Eddy Current Technology Available in Market  
Using eddy current technology for detection of corrosion on ACSR conductors, a 
number of detectors have been developed and commercialized. Some of the most 
popular ones around the world are introduced below. 
3.2.1 Cormon OHLCD Technology 
Overhead Line Corrosion Detector (OHLCD) is industrialized by Teledyne Cormon in 
cooperation with CEGB research organization and is widely used by companies in the 
UK, France and Sweden [6]. The detector encloses a winding and a pick-up coil and 
holds around the conductor.  It can operate on any size ACSR dead line and also on 
live lines of up to 275kV. The manufacturer also claims that it can detect significant 
loss of aluminium cross section of up to 5% [6]. 
3.2.2 Fujikura's Detector 
Fujikura's technology of internal corrosion analysis uses the eddy current inspection 
method and facilitates persistent and quantitative measurement of the internal 
corrosion. This technology was developed by Fujikura in cooperation with Tokyo 
Electric Power Company [15]. In order for the implementation of inspection work, 
two methods; manpower inspection and auto inspection are offered. So far, the 
detector has been embraced by ten major power companies in Japan like Hokkaido 
Electric Power Company and Kyushu Electric Power Company [15]. 
3.2.3 Detection Services offered by ATTAR in Australia 
Advanced Technology Testing and Research, (ATTAR) [1], offers a NDT service for 
overhead line corrosion. It has more than 15 years of experience inspecting the 
condition of cables in the power industry. The device is positioned on live wires by a 
group of linesman and then operated remotely. It can be operated on lines with 
voltages over 500kV [1]. 
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Chapter 4 
 Transmission Line  
 Transmission Line Parameters 
 Transmission Line Modelling  
 
 
Chapter 4: Transmission Line 
4.1 Transmission Line 
A transmission line is a medium which provides a route for transmitting energy from 
one place to another, such as electromagnetic waves or electrical energy.  It usually 
comprises two or more parallel conductors used to establish a connection between 
generating units and distribution system which ultimately supplies the load [36]. 
Examples include electric power lines, wiring, coaxial cable, etc. Problems related to 
transmission lines are basically tackled by electromagnetic field theory and electric 
circuit theory. In this project the circuit theory is preferred to model the transmission 
line because it is easier to deal with mathematically.  
 
Figure 4: Power transmission lines 
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4.2 Transmission Line Parameters 
Transmission Lines are usually described in terms of their line parameters including:  
a. Series resistance per unit length R; 
b. Series inductance per unit length L; 
c. Shunt capacitance per unit length C; 
d. Shunt conductance per unit length G; 
4.2.1 Series Resistance 
The DC resistance of a solid round conductor is given by [49]: 
      
  
 
 
Where,   
ρ = conductor resistivity (Ω-m); 
l = conductor length (m); 
A= conductor cross-sectional area (m2); 
In case of alternating current AC, the current distribution is not uniform over the 
cross-sectional area and the current density is higher at the surface of the 
conductor. As a result, the AC resistance is slightly higher than the DC resistance. 
This is known as the Skin Effect [49]. The conductor resistance is also dependent on 
temperature and spiralling. Due to these effects, the resistance of a conductor is 
best obtained from manufacturer’s data.  
4.2.2 Series Inductance 
The inductance L is due to the effects of magnetic and electric fields around the 
conductor. Cable manufacturers usually provide the inductive reactance of the 
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conductor and hence, the inductance L can be calculated using the following formula 
[17]: 
                                             
In case of a three-phase transmission line the inductance per phase per kilometre 
length is given by [49]: 
       
   
  
    
  
  
                                
Where, Deq, the cube root of the product of three-phase spacing, is the geometric 
mean distance between phases in figure 5.  
Deq √           
 
 
 Also,   is the geometric mean radius, GMR.  
 
Figure 5: Three phase line 
In case of using more than one conductor per phase, a practice called bundling, the 
series reactance and hence the inductance of the line is reduced due to the increase 
in GMR of the bundle. This improves the line performance and increases the power 
capability of the line [49]. Figure 6 shows a three-phase line with two conductor 
bundles, chosen randomly to investigate transmission line parameters in this project.  
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Figure 6: Three-phase, two-conductor bundled line 
To calculate the inductance, “Ds” in equation 9 above is replaced by the GMR of the 
bundle, DSL [49]: 
       
   
   
           
Since the bundle constitutes a composite stranded conductor, i.e. ACSR conductor, 
first GMR of each stranded conductor (i.e. Ds) is worked out and then the bundle’s 
GMR is calculated using equations (10) and (11) below. 
For (6 by 1 aluminium to steel) ACSR conductor, GMR is approximated by [4] 
                                       
Where, r is radius of each conductor. 
And, for the bundle given above [17]: 
    √                                     
Where d is the spacing between the sub-conductors in each phase.  
4.2.3 Shunt Capacitance 
Transmission line conductors show capacitance with respect to each other because 
of the potential difference between them. This capacitance depends on the 
conductor size, spacing, and height above the ground [49]. In case of a three-phase 
transmission line, the capacitance per phase per kilometre length is [17]: 
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Where, 
                   
 
 
  ;  
   = √           
  ; 
                              
In order to find the capacitance per phase for a three-phase transposed line with 
two-conductor bundle, the same steps are followed as the procedure for derivation 
of the inductance above [17]. 
  
    
   
   
   
 
    (
 
 
)                              
    √    
Where d is the spacing between the sub-conductors in each phase and r is the 
radius of each conductor. 
4.2.4 Shunt Conductance 
The shunt conductance accounts for leakage currents flowing across insulators and 
air. As leakage currents are considerably smaller compared to the current flowing 
through the transmission line, they may be neglected and hence, shunt conductance 
is usually not considered for transmission line modelling [49]. 
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4.3 Transmission Line Modelling  
Transmission lines may be represented by an equivalent circuit with suitable 
parameters on a per phase basis. The terminal voltages are shown from one line to 
neutral while the current is given for one phase. Therefore, a three-phase system is 
summarized by a comparable single-phase system. 
For the purpose of wave propagation analysis in transmission lines two methods can 
be followed; the first is solving Maxwell’s equations [36] with boundary conditions 
according to the system’s physical nature, and the second is labelling the line by 
distributed parameter equivalent circuit and investigating the propagation of wave in 
terms of current and voltage [36].  
In this project, long line theory is described and expressions relating to voltage and 
current for the distributed line model are developed.  
4.3.1 Distributed Parameter Line Model (Long Line Model) 
For long length lines (250 km and longer), in order to obtain more accurate 
solutions, the effect of the distributed parameters must be taken into account, i.e. 
the circuit parameters namely resistance, capacitance, and inductance are assumed 
to be distributed continuously along the length of the line, contrary to the lumped 
parameter model  which assumes these values to be lumped together and connected 
by perfectly conducting wires. 
A distributed equivalent circuit is shown below in figure 7. The length of the 
transmission line is denoted by “l”. 
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Figure 7: Distributed parameter equivalent circuit [49] 
The circuit possesses a uniformly distributed series resistance R, series inductance L, 
shunt conductance G, and shunt capacitance C. The series impedance per unit 
length is denoted by   and the shunt admittance per phase by  . 
Here, 
               
          
Consider a small section ∆x of the line at a distance x from the receiving end of the 
line in figure 7 above. The phasor voltage at the end of this segment is 
                         
And the phasor current is  
                            
Rearranging and solving these two equations gives us the second order differential 
equation 
      
   
          
Note: Please refer to appendix D for derivation of all equations given in this section. 
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Where    known as the propagation constant, is a complex expression given by 
        √    √                                     
The real part    is called the attenuation constant and the imaginary part   is known 
as the phase constant. 
The characteristic impedance, Zc, defines the relationship between voltage and 
current in the line. It is given by [49]: 
   √
     
     
 
The sending end and the receiving end of the line can be related by 
                                                     
     
 
  
                                                
Expressing this in ABCD constants  
[
  
  
]  [
           
         
] [
  
  
] 
Where,  
                        
  
 
  
                    
We can replace the ABCD constants in the equivalent   model shown in figure 8. 
Corrosion Detection in ACSR Cables Page 24 
 
O 
O O 
O 
Is
Vs
IR
VR
+ +
_ _
 
Figure 8: Equivalent π-model [49] 
The following equations represent the parameters of the equivalent   model. 
Please see appendix D for detailed calculation of all equations in this section. 
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 Some Important Factors in TDR Analysis 
 
Chapter 5: Time Domain Reflectometry 
5.1 Time Domain Reflectometry 
A very common method for evaluation of transmission lines has been the application 
of sine wave to a system and measuring the standing waves due to irregularities on 
the line. The measurements are then used to calculate the standing wave ratio, 
SWR, which can be helpful for the investigation of the transmission system [28]. 
However, the SWR technique fails to operate when there are several discontinuities. 
Moreover, if the system is composed of a connector, a short line with a load, the 
SWR identifies the whole quality of the system; it cannot detect which component in 
the system is responsible for the reflection [28]. Thus, it requires extensive 
measurements at various frequencies before one can reach a satisfactory conclusion. 
For this reason it is assumed to be very time consuming and tedious.  
In comparison to other methods, time domain reflectometry (TDR) offers instinctive 
and simple analysis of the device under test. It provides more significant information 
about the characteristics of a transmission system than any other techniques [25]. 
This type of reflectometer has been practiced by engineers since 1930s for 
evaluating characteristics of transmission lines and spotting faults [52]. TDR is an 
electrical testing technique generally used to determine the location and condition of 
a device under test. It operates on the same principle as radar with the exception 
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that the medium is a wire rather than air [52]. As the basic principles of TDR are 
effortlessly grabbed, one with low level of experience even, can quickly grasp this 
technique. 
5.1.1 Principle of Operation 
Time domain reflectometry is another NDT method to detect and locate faults in 
transmission lines. This method involves sending an electrical pulse (usually a short 
step) along a transmission line and observing the returning pulse energy using an 
oscilloscope [47]. The principle of TDR is shown in figure 9 below.  
When the load impedance     matches the characteristic impedance of the line    no 
reflection occurs and the oscilloscope records the incident voltage step only, as seen 
in figure 10(a). On the other hand, when the signal travelling in the line encounters 
any impedance change, part of the incident wave is reflected back. This is in fact the 
energy that is not passed on to the load. The reflected voltage wave then appears 
on oscilloscope in addition to the incident wave [47] as shown in figure 10(b). 
 
Figure 9: Block diagram of a time domain reflectometer [25] 
 
Figure 10: Oscilloscope displays [28] 
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The magnitude of the reflected signal can be calculated using reflection coefficient Γ, 
which is also, in frequency domain, the ratio between reflected voltage wave    and 
the incident voltage wave   [26]. 
  
  
  
 
     
     
                                 
In addition, part of the incident wave may be transmitted through the load. The 
relation between the transmission coefficient and reflection coefficient are related by 
the expression [25]: 
        
     
     
 
  
   
     
 
From this we can get the amplitude of the transmitted pulse through the point of 
impedance mismatch as: 
       
Figure 11 displays the reflection coefficient   and the transmission coefficient   in 
TDR measurement.  
 
Figure 11: Transmission and reflection coefficient 
 
5.2 Reflection from Typical Load Terminations 
The shape of the reflected wave is an important parameter as it unveils the nature 
and magnitude of the impedance mismatch or the load [28]. Displays from the 
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oscilloscope can be easily interpreted using equation (17). Some particular load 
terminations and the associated reflected waveforms are discussed here. 
5.2.1 Open Circuit Termination  
A transmission system terminated with an open circuit can be represented with a 
load of infinite impedance. In this case there is no current passing through the load, 
while the voltage is maximum.  
Using equation 17 for       
 
  
    
  
 
    
    
   
            
      
In case of open circuit termination the reflected voltage         is added to the 
incident voltage. Figure 12(a) shows the open circuit termination and the waveform 
associated with it. 
 
5.2.2 Short Circuit Termination  
A transmission system terminated with a short circuit can be represented with a load 
of zero impedance. Using equation 17, for       
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In case of short circuit termination the reflected voltage          is added to the 
incident voltage. Figure 12 (b) shows the short circuit termination and the waveform 
associated with it. 
5.2.3 Matched Impedance Termination  
A transmission system terminated with matched impedance is represented 
with        . Again using equation 17, for        
 
  
   
  
 
     
     
   
            
     
In case of matched impedance termination the reflected voltage        is added to 
the incident voltage. Figure 12c shows the short circuit termination and the 
waveform associated with it. 
 
Figure 12: Typical load terminations and their respective waveforms 
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5.2.4 Complex Load Impedances 
In the above sections various resistive load terminations and their associated 
waveforms were considered. It was observed that the mismatched impedances 
reflected a wave with the same shape as the incident wave, while the magnitude 
and polarity of    was found using the values of         .  
On the other hand, complex load impedances can also be measured by the TDR 
method [43] using the simple system shown in figure 9. The analysis involves 
evaluation of the reflected voltage at     and at    , where     shows the 
time when the reflected voltage arrives back at the oscilloscope. Figure 13 shows 
basic examples of complex load reflection. Considering the case of series R-L 
combination, at time      the reflected wave is   . The reason is that the inductor 
does not take an abrupt variation in current, so first it looks like an open circuit [28]. 
After a short while the current in the inductor starts to build up exponentially 
dropping its impedance down to zero as shown in figure 13(a). 
 
Similarly, in case of parallel R-C, at time    , the reflected wave is –   . The reason 
is that the capacitor does not take an abrupt variation in voltage, so at first it looks 
like a short circuit (     . After a short while the voltage starts to build up 
exponentially on the capacitor increasing its impedance to infinity at     [28]. This 
is shown in figure 13 (b). 
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Figure 13: TDR display for complex loads [28] 
 
 
 
 
 
 
Corrosion Detection in ACSR Cables Page 32 
 
5.3 Transients in Transmission Tine TDR 
In practical applications when a pulsed signal is injected through a line, from Fourier 
analysis [21], we know that the pulse can be regarded as a superposition of waves 
of many frequencies. Therefore, a pulsed signal may be considered as simultaneous 
waves of different frequencies [21]. 
When the pulse is injected through the line, it takes some time for the voltage to 
reach a steady state value. This transitional period is called the transient. Usually, 
the transient behaviour is analysed in the frequency domain by Laplace transform 
[34], but for the sake of convenience, it can be treated in the time domain. 
Consider a transmission line of length “l” and characteristic impedance    as shown 
in figure 14 below. 
 
Figure 14: Transient on transmission line 
Suppose that the line is driven by a pulse generator of voltage    with internal 
resistance    and terminated with a resistive load   . At the instant t = 0, the switch 
is closed. The starting current "sees" only    and   , so the initial voltage at t = 0+ 
is given by 
    
         
  
     
  
Corrosion Detection in ACSR Cables Page 33 
 
After time t1, the pulse reaches the load and some part of it is reflected back due to 
the mismatch. The voltage at the load is the sum of the incident and reflected 
voltages. Thus 
    
                          
Where,    is the reflection at the load given by: 
   
     
     
 
The reflected wave    travels back towards the source in addition to the initial wave 
   already on the line. At time 2t the reflected wave reaches the source, so the 
voltage at the source just after time 2t is: 
    
                                
Where,    is the reflection at the source given by: 
   
     
     
 
Again the reflected wave from the source end propagates towards the load and the 
process continues until the energy is absorbed by the resistors    and   . The 
process of tracing the voltage back and forth gets complicated after a few 
reflections, therefore, it is more convenient to keep track of the reflections using a 
bounce diagram, otherwise known as a lattice diagram [20] shown in figure 15 
below. 
5.3.1 The Bounce Diagram 
The bounce diagram shows a zigzag line indicating the position of the voltage with 
respect to the source end and its value after each reflection given by the letters a, b, 
c and so on. On the bounce diagram, the voltage at any time may be determined by 
adding these values. 
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Figure 15: Voltage bounce diagram [20] 
For the sake of clarification let us assume an example with the parameters    
    ,       ,         and       . The initial voltage at the sending end is: 
     (
  
     
)  4V 
The voltages at each end and their corresponding voltage reflections are given in the 
figure 16.  
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Figure 16: Voltage bounce diagram for the example under consideration 
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5.4 Some Important Factors in TDR Analysis 
5.4.1 Propagation Velocity 
Propagation velocity is a measure of a conductor’s characteristic that specifies the 
speed at which a signal moves through it. Different conductors possess different 
velocity of propagation. Usually, the procedure is to send an electromagnetic signal 
through one end of a known length of the conductor and measure the time it takes 
to reach the other end to calculate propagation velocity. A more accurate way to 
work out the velocity of propagation is to repeat this process from both ends of the 
conductor.  
We can also find the propagation velocity of a conductor without conducting an 
experiment on it. The velocity at which the signal moves down the line is measured 
in terms of phase constant   and the frequency of the signal. Mathematically given 
by [49]: 
    
 
 
 
   
 
                                 
Where, 
    √   
Therefore,  
    
 
 √  
 
 
√  
                               
5.4.2 Calculation of Location of Mismatch Impedance 
The reflected signal is easily distinguished as it is different in time from the initial 
signal. This time “t” is useful to find the distance   of monitoring point to the 
mismatch.  
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Where, t is the transit time from measurement point to the mismatch and then back 
to the measurement point. 
One can read t from the oscilloscope to determine   and locate the mismatch down 
the line. 
5.4.3 Characteristic Impedance 
The characteristic impedance ZC defines the relationship between voltage and 
current in the line. It is given by [49]: 
   √
     
     
 
In case of a lossless transmission line, the characteristic impedance of the line is 
approximated by: 
   √
 
 
 
 
 
 
 
 
 
 
 
 
Corrosion Detection in ACSR Cables Page 38 
 
Chapter 6 
 Calibration of TDR measuring System 
 Modelling in SimpowerSystems Toolbox 
 Modelling corrosion in the cable 
 Confirmation of Appropriate Circuit Design 
 
Chapter 6: Application of TDR in this Project 
6.1 Calibration of TDR Measuring System 
The main problem in this project is to detect and locate corrosion in ACSR cables of 
overhead transmission lines. In order to investigate this problem let us consider an 
overhead transmission line consisting of ACSR conductor with the geometry given in 
figure 6. For the sake of ease this figure is reproduced here in figure 17 with 
specified distances between the bundles and the conductors. The conductor chosen 
for this transmission line is “Hare” from General Cable data sheet which is a 6 by 1 
aluminium to steel strand ratio as shown in appendix B. 
The overall length     of this transmission line is assumed to be 250 km. Moreover, 
we assume that there exists corrosion at different lengths of this line which will be, 
later, simulated to support the theory of fault localization using TDR technique.  
 
Figure 17: Three-phase bundled line used for TDR 
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The parameters for this transmission line are calculated using the equations 
described in section 4.2.  
The resistance per unit length of this transmission line, as given in the General Cable 
data sheet is:  
             
The inductance per unit length is (see appendix A for calculation) 
           ; 
And the capacitance per unit length as calculated in appendix A is 
            ; 
The characteristic impedance of this line is  
                                        ) 
Consider figure 18 where a pulse generator of internal resistance    is used to inject 
a step pulse though this line which terminates at a load of impedance   . The pulse 
travels down the line with a velocity of propagation   calculated from equation 19 
above. 
           
      
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18: Pulse movement along the transmission line 
 
The propagation time for this pulse is  
   
 
 
 
     
    
  
  
      
           
In the next step we will implement this circuit in SimPowerSystems [38] which is a 
toolbox for modelling and simulating electrical power systems.  
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6.2 Modelling in SimPowerSystems Toolbox 
There are many circuit simulators available like PSpice, CircuitLab etc. that can be 
used to conduct TDR analysis. However, in this project, SimPowerSystems [38] 
Toolbox in Simulink has been chosen. 
SimPowerSystems [38] provides analysis tools for modelling and simulating electrical 
power systems. The models can be used to develop control systems and test 
system-level performance. They can also be parameterized using MATLAB variables 
and expressions, and design control systems for electrical power system in Simulink 
[38]. 
The basic block diagram for TDR analysis in SimPowerSystems is shown below in 
figure 19. 
 
Figure 19: Block diagram for TDR analysis on transmission line 
In this block diagram, the transmission line is represented by a distributed 
parameter line model. According to SimPowerSystems’ user guide [38], this model 
relies on the principle of Bergeron's traveling wave which is used in the 
Electromagnetic Transient Program. According to this model, the ideal distributed 
line is characterized by two values: the characteristic impedance    √    and the 
propagation velocity     
 
√  
 , [38]. 
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These equations give the same values which were calculated in previous section:  
        
And  
           
  
  
 
 
The values of the system parameters comprising ACSR conductor “Hare”, from the 
circuit in figure 18 are entered here in the corresponding parameter block of the 
distributed parameter line. A pulse of 20V amplitude is provided through the source 
with impedance         while the load    is being varied for different simulation 
purposes. Initially the incident voltage      (
  
     
)  enters the line at point A. After 
a propagation delay of           , the signal arrives unchanged at the other end 
of the line at point B. Part of this signal        , is reflected back from the load. 
This reflected signal, in addition to the incident one is then measured at point A on 
the scope shown in figure 19. It is also sent to Matlab’s workspace for further 
investigation. 
The step time for the injected pulse is 0.1ms while the total simulation time for the 
circuit is 10ms, keeping in mind the propagation time     so that there is enough 
time for multiple to-and-fro motion of the wave.  
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6.3 Modelling Corrosion in the Cable 
In case of corrosion in the cable, the electrical properties of the conductor change 
and hence the corrosion can be modelled as an electrical discontinuity. In 
SimPowerSystems it can be represented by a resistor whose impedance is different 
from the characteristic impedance of the transmission line. Therefore, when the 
circuit is run for TDR analysis, the impedance mismatch due to corrosion is detected 
and its distance from the point of observation is worked out. Moreover, it is assumed 
that there are no discontinuities present on the line other than the planted corrosion. 
 
6.4 Confirmation of Appropriate Circuit Design 
In the first stage of simulation, the circuit is run to check whether TDR operated 
correctly with this arrangement. For this purpose, the load is set to open circuit, 
short circuit and finally matched to     and the results are compared to the theory 
explained in section 5.2. This is depicted in Figure 20 (a), (b), (c). 
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Figure 20(c) TDR result from matched load 
It can be seen in figure 20(a) that the reflection from the open circuit load is positive 
and therefore added to the incident wave while the reflection from the short circuit 
load in figure 20(b) is negative and hence subtracted. In case of      , there is 
zero reflection in figure 20(c) and the incident wave remains as unchanged.  
The above results when compared with theory, confirm the proper design of this 
circuit and hence it can be further used for detection and localization of corrosion in 
the cable.  
Figure 20(a) TDR result from open circuit load Figure 20(b): TDR result from short circuit load 
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Chapter 7 
 Detection and Localization of corrosion  
 Multiple corrosions: 
 
Chapter 7: Simulation Results and Discussion 
7.1 Detection and Localization of Corrosion  
The length of the transmission line under consideration was chosen to be 250km. in 
order to detect corrosion at various distances, the line is further divided into 
segments of smaller length, all summed up together as seen in figure 21 below. In 
the next step, the impedance    (usually 50   unless otherwise stated) is planted at 
different known locations on the line and the circuit is simulated for TDR analysis. 
Moreover, the load impedance is kept equal to the characteristic impedance of the 
line so that any reflection from the load is avoided.  
In practice, the transmission lines are joined by means of connectors which can 
cause anomalies to the pulse propagation.  Additionally, there are a number of other 
components like suspension clamps, spacers, dampers, armor rods, etc. that may 
lead to discontinuity in the signal. However, in this project, it is assumed that there 
are no discontinuities present on the line. This process is shown in figure 21 below. 
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At this stage in the circuit, a manipulated impedance mismatch representing 
corrosion in the cable is set at 25km from the source along the length of the line. 
The circuit was then simulated and the result is shown in figure 22 below. 
 
Figure 22: TDR Result for corrosion at 25 km 
Figure 21: Corrosion planted at 25km on the line 
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The graph in figure 22 shows that the incident voltage is about 17 V which tallies 
with the calculation, i.e.  
       (
  
     
)     
   
      
  
    17   
Moreover, it can be seen that a reflection is detected due to the impedance 
mismatch. This graph is zoomed in order to find the time of the occurrence of 
reflection more precisely. 
The step time of the pulse is 100µs while the detected reflection appears at 280µs. 
The difference between the two shows the period that the wave has travelled to the 
fault point and back again to the measuring point where it was detected.  In order to 
find the location of this fault, equation (20) is used.   
             (
         
 
     )     
           
Hence, the corrosion in the cable of the transmission line is detected and localized to 
be at 26.55km while the actual fault location was 25km, an error of 6.2%.  
This process of simulation was then continued for three more samples where the 
impedance mismatch due to corrosion was set at 100km, 150km and 200km. the 
corresponding TDR results and their interpretations are given below. 
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Figure 23 shows TDR fault localization due to corrosion at 100km from the 
measuring end of the line. As shown, the incident signal has the same initial 
amplitude of 17V at 100µs, and the reflection is detected at 800µs. 
The measured corrosion is found to be located at 103.3km compared to the actual 
location of 100km, which is an error of 3.3%. 
 
 
Figure 23: TDR Result for corrosion at 100 km 
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Figure 24 below shows the TDR outcome for corrosion at a distance of 150km. As 
shown, the incident signal has the same initial amplitude of 17V at 100µs, and the 
reflection is detected at 1.15ms. 
The measured corrosion is found to be located at 154.9km compared to the actual 
location of 150km, an estimation error of 3.3%. 
 
 
Figure 24: TDR Result for corrosion at 150 km 
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Figure 25 shows TDR fault localization due to corrosion at 200km from the 
measuring end of the line. As shown, the incident signal has the same initial 
amplitude of 17V at 100µs, and the reflection is detected at 1.49ms. 
The corrosion in the cable is detected at 205km compared to the actual location of 
200km, which is an estimation error of 2.5%. 
 
Figure 25: TDR Result for corrosion at 200 km 
 
 
The results for all measured samples are combined and displayed in table 2. 
Table 2: The overall TDR result for each single fault on the line 
Actual Fault 
Location (km) 
Step 
Time (s) 
Fault 
Time (s) 
Measured Fault 
Location  (km) 
Error 
(%) 
25 1.00E-04 2.80E-04 26.6 6.2 
100 1.00E-04 8.00E-04 103.3 3.3 
150 1.00E-04 1.15E-03 154.9 3.3 
200 1.00E-04 1.49E-03 205.0 2.5 
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7.2 Multiple Corrosions 
As transmission lines run long distances through the environment, it is possible for 
corrosion to occur at multiple points on the conductor along the line. Therefore, the 
technology under consideration was tested for its capability to detect multiple 
corrosions. For this purpose, the circuit was manipulated to contain several 
impedance mismatches at different locations representing multiple corrosions.  
Figure 26 represents block diagram of the system with corrosion planted at two 
locations, 25km and 75km. Two mismatched impedances     and    , each 50Ω, 
were used to represent them. All other setting and parameters have been 
unchanged from the previous circuit used for single corrosion detection. The circuit 
was simulated and the result is shown in figure 27. 
 
 
Figure 26: Corrosion at two points 
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Figure 27: TDR Result for multiple corrosion at two points 
In figure 27 the reflections at two points of time are shown.  After the step time of 
100µs of the incident pulse, the first reflection at 280µs indicates the corrosion due 
to the first impedance mismatch     at 25km. This is the same as that detected for 
single corrosion at 25km in figure 22 while the second reflection at 630µs is due to 
the impedance mismatch     at 75km. Further details are given in table 3 below. 
Table 3: TDR result for double faults on the line at two points 
Actual Fault 
Location (km) 
Step 
Time (s) 
Fault 
Time (s) 
Measured Fault 
Location (km) 
Error 
(%) 
25 1.00E-04 2.80E-04 26.6 6.2 
75 1.00E-04 6.30E-04 78.2 4.3 
The numbers in this table show that the faults at two different locations on the line 
have been detected successfully. 
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It should be noted in figure 27 that multiple reflections have been detected and 
displayed. These reflections do not represent any further corrosion in the line but 
occur due to secondary reflections within the transmission line, which was 
thoroughly explained in bounce diagram in section 5.3.1. In this case, several 
reflections are not only from line’s ends but also from the planted impedances. It is 
also important to understand that the resulting reflection coefficients may attain 
negative or positive values and therefore are subtracted or added to each other or to 
the existing signal. This may and probably will lead to cancellation of some signal 
reflections, and therefore, one can end up with inaccurate localization or even no 
detection.  
In order to further investigate this process, the number of mismatch impedances is 
increased stepwise and the results are shown in the following figures.  
As shown in figure 28, three points on the line are set corroded which are 
represented by    ,     and    , at 25km, 75km and 200km respectively. 
 
 
Figure 28: Multiple corrosion at three points 
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Figure 29: TDR Result for multiple corrosion at three points 
 
According to TDR analysis, figure 29 displays a number of reflections that can lead 
to localization of corrosion. The first two reflections detected at 280µs and 630µs 
represent the corrosion at 25km and 75km respectively, similar to findings in figure 
27. The reflection at 1.33ms is due to the corrosion at 200km as calculated in table 
4. 
Table 4: TDR result for multiple faults on the line at three points 
Actual Fault 
Location (km) 
Step 
Time s) 
Fault 
Time (s) 
Measured Fault 
Location (km) 
Error 
(%) 
25 1.00E-04 2.80E-04 26.6 6.2 
75 1.00E-04 6.30E-04 78.2 4.3 
200 1.00E-04 1.33E-03 181.4 9.3 
Table 4 shows that TDR analysis was able to estimate the location of corrosion at 
three planted points. However, a combination of three mismatch impedances in this 
case led to an increase in the percentage error of up to 9.3% 
Furthermore, a surplus reflection is pointed out at 970µs on the graph. If the 
location for this reflection is calculated, it yields: 
 
Corrosion Detection in ACSR Cables Page 54 
 
          
                
 
           
This location of 128km does not correspond to any mismatch impedance in the 
circuit of figure 28. As discussed earlier, such variations occur due to the bouncing 
effect of the signal in the system and can be misleading if not considered carefully.  
 
In the next step, as shown in figure 30, four different points on the line were set 
corroded which are represented by    ,    ,     and    , at 25km, 50km, 75km 
and 200km respectively. 
 
 
Figure 30 : Multiple corrosion at four points 
 
The result is shown in figure 31 below. The simulation of the circuit with a 
combination of four mismatch impedances, in this case results in detection of only 
two corroded segments i.e. 25km and 75km, while the other two faults at 50km and 
200km are not localized. Again a surplus reflection is pointed out at 960µs on the 
graph which represents a point at a distance of 127km on the line and does not 
correspond to any impedance mismatch.  
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Figure 31: TDR Result for multiple corrosion at four points 
 
Further detail is given in table 5. 
Table 5: TDR result for corrosion at four points on the line 
Actual Fault 
Location (km) 
Step Time 
(s) 
Fault Time 
(s) 
Measured Fault 
Location (km) 
Error 
(%) 
25 1.00E-04 2.80E-04 26.6 6.2 
50 1.00E-04 undetected undetected N.A. 
75 1.00E-04 6.30E-04 78.2 4.3 
200 1.00E-04 undetected undetected N.A. 
 
 
 
 
Corrosion Detection in ACSR Cables Page 56 
 
In the block diagram of the circuit in figure 32, five different points on the line are 
set corroded which are represented by    ,    ,    ,     and    , at 25km, 50km, 
75km, 175km and 200km respectively. 
 
 
Figure 32: Multiple corrosion at five points 
 
The simulation of the circuit with combination of five mismatch impedances in this 
case results in detection of only two corroded points i.e. at 25km and at 75km, while 
the other three faults at 50km, 175km and 200km are not localized. Moreover, the 
 
Figure 33: TDR Result for multiple corrosion at five points 
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interaction of multiple negative and positive waveforms ended up in cancellation of 
reflections and the circuit was unable to detect all the impedance mismatches.  
Table 6: TDR result for multiple corrosion at five points 
Actual Fault 
Location (km) 
Step Time 
(s) 
Fault Time 
(s) 
Measured Fault 
Location (km) 
Error 
(%) 
25 1.00E-04 2.80E-04 26.6 6.2 
50 1.00E-04 undetected undetected N.A. 
75 1.00E-04 6.30E-04 78.2 4.3 
175 1.00E-04 undetected undetected N.A. 
200 1.00E-04 undetected undetected N.A. 
It is noticed that the introduction of multiple corrosion on the transmission line 
decreases the capability of the circuit to detect respective impedance mismatches. At 
some stage it affected the accuracy of the technique by increasing the percentage 
error. Consequently, it is decided that the precision of TDR analysis decreases with 
the increase in number of mismatched impedances.  In some cases a TDR result of a 
circuit with multiple corrosion (like in figure 33) may be easily misjudged for a circuit 
of fewer corrosion or even single corrosion. Therefore, it requires more experience 
and care when investigating a system by TDR technology. As a rule of thumb, the 
longer the length of the transmission line, the more is the chance of higher number 
of corroded points on it and vice versa. Therefore, it would be advantageous to run 
the test on shorter segments along the line instead of examining the whole length of 
the line at once.  
It is also worth mentioning that there are numerous discontinuities like connectors, 
spacers, dampers etc. along transmission line conductors that can cause greater 
irregularities in the signal than that of a corroded or damaged strand at a particular 
location [9]. Therefore, the engineer should keep all these factors in mind before 
using TDR method of corrosion detection on a transmission line.  
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Chapter 8 
 Conclusion 
 Future Work Recommendation 
 
 
Chapter 8: Conclusion and Future Recommendation 
8.1 Conclusion 
In this project, various techniques of corrosion detection in ACSR conductors of 
power transmission line were introduced and discussed.  
The research showed that detectors based on electromagnetic induction technology 
can detect corrosion in steel strands as well as any flaw on aluminium strands. 
These detectors can identify flaws on a conductor well before other non-destructive 
tests could do. This method of corrosion detection is a promising technology and 
specialized in corrosion detection in ACSR conductors. Furthermore, the detectors 
not only operate on dead lines of any size but also on live lines of up to 500kV. The 
technology is highly sensitive, applicable, and feasible with ease of use compared to 
other technologies available. It has been used by companies around the globe 
successfully and is growing fast due to the high demand in power transmission 
industry. In this project, some popular detectors and their functionality were 
discussed. 
Time domain reflectometry is a non-destructive pulse-echo technique used for the 
detection of faults in transmission lines. It operates on the principle of measuring 
reflections caused by discontinuities along a transmission line. Reflections from 
typical load terminations such as open circuit, short circuit and matched impedance 
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were discussed and their respective waveforms were shown. Essentially, the 
transient behaviour of the transmission line was investigated and demonstrated on 
bounce diagrams. It is very important to have an idea of how multiple reflections 
occur prior to working on TDR technique. 
For the purpose of corrosion detection by the TDR method, a transmission line of 
250km composed of bundled ACSR conductor with characteristic impedance of 277Ω 
and propagation velocity of 2.95×   km/s was put under investigation. This system 
was then imported into SimPowerSystems toolbox for modelling and simulation 
purposes.   
The simulation outcome proved that, using TDR method, the circuit was able to 
detect and locate any single point corrosion along the line with an average error of 
less than 4%. Later, the circuit was tested for its capability of detecting multiple 
corrosions. Two mismatched impedances were planted in the circuit for which the 
result showed successful detection and localization of corrosion. When the circuit 
was modified for three mismatched impedances, the simulation graph still detected 
reflections for each location; however, this was done at the cost of increase in 
percentage error to 9.3%. Similarly, the circuit was modified to enclose four and 
then five mismatches impedances. The results showed that the circuit was unable to 
display reflection for each corroded locations, while some reflections represented 
normal locations on the line. This is concluded to be the cause of multiple bouncing 
effect of the signal and the interaction of positive and negative reflections that 
ended up to cancel or even create the appearance of surplus reflections on the 
signal. Therefore, the existence of multiple corrosion on transmission lines causes 
degradation of measurement accuracy and hence decreases the capability of the 
technique to function properly and sufficiently. 
Overall, TDR is an effective method to obtain a general indication of the condition of 
a cable in a transmission line, or at least an indication of the comparative condition 
of two similar cables. However, there is some doubt that the technology would be 
operative at finding in-depth damage to conductors, such as marginally corroded 
strands at a particular location. This is due to the fact that corrosion at very early 
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stages imposes relatively small impedance change and the corresponding reflections 
may be undetectable. Also, there are numerous discontinuities like connectors, 
spacers, dampers etc. along transmission line conductors that can cause greater 
irregularities in the signal than that of a corroded or damaged strand at a particular 
location. 
8.2 Future Work Recommendation 
This project was mainly based on a theoretical study and computer simulation with 
no actual physical experiment conducted on ACSR cables or any overhead 
transmission lines. As the conductor deterioration due to corrosion usually leads to 
expensive failures and line outages, there is value in exploring technologies in this 
field. Recommendations in this regard would be: 
1) To get a small piece of ACSR cable and measure its parameters, rather than 
calculation based parameters. OR 
2) To obtain a piece of corroded cable and conduct TDR experiment to confirm the 
competency of the technology in real-world situation. It would be better to have a 
longer length of cable (minimum of 10m for a lab experiment) for a larger 
propagation time which helps in analysis in time domain observation. 
3) To examine the effect of TDR on the cable having connectors or other 
discontinuities in order to distinguish their effect. 
4) If possible, arrange for experiments to be done in coordination with a 
transmission or distribution company to conduct in situ investigation.   
5) As was seen in this report the eddy current method is more specific in early stage 
corrosion detection, so it would be worth to conduct an experiment analysing this 
technology.  
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Appendices  
Appendix A 
Calculation of Inductance and Capacitance and Characteristic Impedance 
For the purpose of calculation of line parameters, the conductor “Hare” is chosen 
randomly from the data sheet of General Cable in appendix B.  
Inductance: 
The inductance per phase per kilometre length of the transmission line under study 
given in figure 17 can be found using: 
       
   
   
    
  
  
 
Deq √           
 
 √        
 
 
           
    √     
Where d is the spacing between the sub-conductors in each phase.  
Ds =0.768r= 0.768 (         )     
Ds= 5.453        
Where r= 
    
 
        radius of the conductor taken from General Cable data sheet 
in appendix B. 
So,  
    √               
   = 4.67   
   m 
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Hence,  
       
    
         
 
       
  
  
 
Capacitance: 
In order to find the capacitance per phase for a three-phase transposed line with 
two-conductor bundle, the same steps are followed as the procedure for the 
inductance above. The capacitance per phase per unit length of the transmission line 
is calculated as follow [17]: 
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Hence,  
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Characteristic Impedance 
Assuming a lossless transmission line, the characteristic impedance of the line is 
approximated by 
   √
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   √
         
         
 
         
Appendix B 
 
Figure 34: ACSR Cable specifications [16] 
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Appendix C 
Nominal   model 
For a transmission line, half of the shunt capacitance may be considered to be 
lumped at each end of the line. This is known as nominal   model 
Z = R+jX
O 
O O 
O 
Is
Vs
IRIL
Y/2 Y/2 VR
+ +
_ _
 
Figure 35: Nominal π-model [49] 
Applying KCL and KVL: 
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Also, 
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Appendix D 
Derivation of Equations for Transmission Line Model  
Consider the circuit in figure 7. The transmission line equations can be obtained by 
applying Kirchhoff’s voltage and current laws to the circuit above [49]. Considering a 
small section of line ∆x at a distance x from the receiving end of the line, the phasor 
voltages on both sides of this segment are 
                         
Rearranging,   
            
  
                                      
From the definition of limit, when      
     
  
                                              
Similarly, the phasor current is:  
                            
Rearranging,   
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Again, taking limit as      
     
  
                                              
Differentiating equation (22): 
      
   
   
     
  
                                      
Substituting equation (24) in equation (25):  
      
   
                                          
Let                      
    y                                  
So we are left with the second order differential equation: 
      
   
         
Or 
 
      
   
          
The solution of this second order equation is:  
         
       
                                    
Where   known as the propagation constant is a complex expression given by: 
                                        
The real part    is called the attenuation constant and the imaginary part   is known 
as the phase constant. 
From equation (27) 
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       √    √                                 
Differentiating equation (28) with respect to x 
     
  
       
       
      
Comparing this with equation (22)  
             
       
      
     
√  
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Where    √
 
 
 =√
     
     
  is known as the characteristic impedance. 
In order to find the constants           we note that when    ,     = VR, and 
I(x)=IR 
Equation (28) becomes: 
      
      
                                     
Similarly, from (31): 
   
 
  
         
                                                
Adding equations (32) and (33), we get: 
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Similarly, subtracting equations (33) from (33), we get: 
   
       
 
                                
Substituting these values of constants back in equation (28) and (31), we can get 
general expressions representing voltage and current along the transmission line. 
      
       
 
     
       
 
     
      
          
 
        
          
 
                     
And, 
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From the hyperbolic functions: 
        
         
 
 
        
         
 
 
Hence, equation (36) and (37) become: 
                                                     
     
 
  
                                               
We can find a relation between the two ends of the line by setting x=l, V(l)=V(s) 
and I(l)= I(s),  
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Re-writing these equations for ABCD constants  
[
  
  
]  [
           
         
] [
  
  
] 
Where, 
                        
  
 
  
                      
It can be seen that  
AD - BC = 1 
                    
 
  
                          
We can replace the ABCD constants in the equivalent   model shown in figure 35. 
O 
O O 
O 
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Vs
IR
VR
+ +
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Figure 36:  Equivalent π-model [49] 
 The expressions for this equivalent   model are as follow:  
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Comparing equation (42) with (40)  
                                           
                           
           
  
 
  
  
 
                                         
Dividing equation (45) by (44) and using the identity     
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